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Development of 590 N/mm? Class Steel with Good Weldability for Building Structures
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Abstract

By utilizing the precipitation hardening such as Cu, under composition of B freeand low C steel, low
P.. type BT-HT440 (SA440) steel, the preheating temperature in welding which can bereduced or freg,
has been developed. This steel of which the weldability wasimproved is also equivalent to the conven-
tional SA440 steel on the other performance. Therefore, it can completely and similarly use the devel-
oped stedl with the conventional steels. The developed stedl followsit for High-per formance 590 N/mm?

steel for building structures (SA440B, C).
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Specification for SA440 steel

Chemical composition (mass%)

Specification|Plate thickness (mm)| C Si Mn P S
SA440B .
— 19 - 100 [J0.08 | 00.55 | 01.60 1 0.030 0 0.008
SA440C [10.020
Carbon equivalent (Ceq) and weld cracking parameter (P )
Specification|Plate thickness (mm) Ceﬂ (%) | P, (%)
SA440B 040 J0.44 0 0.28
SA440C 040 0J0.47 0 0.30
Cqu C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
P00 C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
Mechanical properties
Specification Plate thickness| Yield strength | Tensile strength | Yield ratio | Elongation* | Charpy absorbed energy | Reduction of area through-thickness
(mm) (N/mm?) (N/mm?) (%) (%) [007 ) direction (%)
A440B 5]
_ SAMIB | 19 - 100 440 - 540 590 - 740 8o [0 20(26) 047
SA440C 025

*Test piece: JIS Z 2201 - No.4 (No.5)
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Guideline of preheating temperatures in welding for SA440 steels

Welding method Plate thickness, t (mm)
1901 t0 50 | 5000 tJ 75 | 750 t0J 100
SMAW 01000 01000 01250
GMAW 0600 8o 1000
SAW 0600 8o 1000
ESW O O O
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Pretreatment of LD converter Secondary Continuous Slab |
hot metal refining casting reheating
Hot Accelerated Heat Cutting Inspection Ultrasonic
rolling cooling treatment testing
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Manufacturing processes
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Examples of the optical micrographs
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Chemical composition of developed steels

(mass %)
Steel Plate thickness C Si Mn P S Others C P
(mm) B "
A 50 . .
0.06 | 0.25 | 1.40 |0.006 | 0.003 | Cu,Ni,Cr,Mo,Nb,V,Ti | 0.40 | 0.21
B 100
C 19
D 28 0.08 | 0.23 | 1.45 | 0.006 |0.002| Cu,Ni,Cr,Nb,V,Ti 0.37 | 0.21
E 45
F 50 . .
G 80 0.06 | 0.36 | 1.47 |0.010|0.001| Cu,Ni,Cr,Mo,Nb,V,Ti | 0.41 | 0.22
Ceq:C+Si/24+Mn/6+Ni/60+Cr/5+M0/4+V/14
P_,=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Mechanical properties of developed steels
Plate thickness o Position in - T(.ensﬂe properties - - -
Steel Direction . Yield strength | Tensile strength | Elongation | Yield ratio
(mm) thickness
(N/mm?) (N/mm?) (%) (%)
A 50 471 610 30 77
B 100 470 604 33 78
C 19 453 611 43 74
D 28 Transverse | 1/4-thickness 476 643 30 74
E 45 492 647 29 76
F 50 497 638 30 78
G 80 485 644 31 75
Plate thickness . Position in Charpy impact properties
Steel (mm) Direction thickness Absort?ed energy Fra_cture appearance
JEo [min/av.] (J) | transition temperature (O )
A 50 195/ 227 24
B 100 2471250 —40
C 19 2781285 -85
D 28 Longitudinal | 1/4-thickness 2871297 —73
E 45 256/ 260 58
F 50 266 /292 -33
G 80 329/336 -50
Plate thickness Requction Of_ areaT
Steel through-thickness direction (%)
(mm)
Each Av.
C 19 70,72, 71 71
D 28 76,76, 77 76
E 45 72,72,76 73
F 50 74,73, 71 73
G 80 74,72,73 73
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Preheat temperature / 'C Preheat temperature / ‘C

Welding method : SMAW
Welding consumable * L-62 4mm*
Welding condition : 170A — 25V — 15¢cpm (Heat input © 1.7 kd/mm)

Plate thickness : 50 mm (original thickness)
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Results of maximum HAZ hardness test
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Results of y-groove weld cracking test

Plate thickness Welding condition Preheat Cracking ratio (%)
Steel (mm) Welding method | Welding consumable | Current | Voltage | Speed |Heat input | temperature Surface| Root | Section
A | v | m) | kmm) | (©O)
0 96* 100* | 98*
A 50 SMAW L-62 4Ammq 170 25 15 1.7 25 0 0 0
50 0 0 0
0 0 0 0
E 45 GMAW YM-60C 1.Amme 320 35 36 1.9 25 0 0 0
50 0 0 0
0 100* | 100* | 100*
F 50 SMAW L-62 4mmq 170 25 15 1.7 25 0 0 0
50 0 0 0

*: Cracking in weld metal
Note) Welding was conducted under atmosphere of 20 - 2200 and 45 - 63%RH.

Only in the case of 0 preheating temperature of steel E, welding was carried out in the room which controlled the atmosphere under 0] ambient temperature.
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Welding conditions
Steel A AorF A/B FIG
Plate thickness (mm) 50 50 50/100 50/80
Welding position Flat Flat Vertical
Welding method GMAW SAW SESNET
Welding consumables YM-60C (1.6mme@ ) Y-DM (4.8mm@ )x YF-15 YM-60A (1.6mme )x YF-15
- Welding current (A) 400 700 380
% Welding voltage (V) 37 32 52
§ Welding speed (cpm) 35 30 1.65 1.60
2 Heat input (kJ/mm) 25 4.5 71.9 713
=] . .
g Preheat and interpass temperature (0 ) Preheat temp. : none Preheat temp. : none

Interpass temp. : [J 15001

Interpass temp. : O 15000

45°

kS r’—_ﬂ ;::.
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Groove shape
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100mm
or
80mm

12.5mm
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Heat input TS
ooboooboooboooboooboooboooooooooooon Steel | Welding method P Fracture position
(kJ/mm) [ (N/mm?)
OOOSESNETOODOODODOODDOODOODDOOODOOOO -
643 Base material
0000000000000000000000GMAWD SAWD A GMAW 2.5 644 Base material
00000000000HAZOOOOOOOO0OOO0O0000000O 647 | Base material
A SAW 4.5
OOOOOSESNETOODOO0ODOODDOO0ODOOO0ODOOOO 648 Base material
609 B terial
gooddoopobooooo0ooboobobooooooboooboooa A/B SESNET 71.9 asemaer!a
0MO00E07000000000000000000000 611 | Base material
673 Base material
OOO0OOSESNETODOODOOODMMFLM OOODOOODOHAZODO F SAW 4.5 i
675 Base material
O00d0b0oO000boDoo0000b0bO000b0O0000dHTURFO O -
638 Base material
8 F/IG SESNET 71.3 i
000000HAZOOOOOOOOOOOOY0 00000000 635 | Base material
ogooooooboobooooooooooooooooooood Test piece : JIS Z 3121 No.1
O0000000HAZOOOOODDODOOOO
T T T T T WM: weld metal
FL: fusionline
5000000 FL+1: fusion line + 1mm
° 8 FL+3: fusion line + 3mm
200 8 4 o
I} FL+5: fusion line + 5mm
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HT440 SA440 0 000000000000 0SA440000000
000000000000000000000000000000 Pyl
0000000590 N/mmd0SA440BCO 0000000 0ODO LB 27 S KR B
Notch location
000000000000000000000000000000 .
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Steel 4

Charpy absorbed energy, vE, /]
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E‘. Steel A E Steel 7
5 SAW 5 SAw
|:| D D |:| 4.5kl imm 4.5k mm
1 1 1 1 1 1 1 1 1 1
. WM FL FL+1 FLi3 FL15 WM Fi. FL+] FL+3 FL+5
1) D0MOMOMOMOMOMOmomo:oooog3s4), 17(1989) Notch tocation Noteh Tocation
2) DO0MOMOMOMOMOMmo:00000.(348), 17(1993) —————t S —
3) 00MODMOMOMOMOMOmO: 00000, (356), 62(1995) Steel 475 Sreel /G o

SESNET
719k} /mm

SESNET
71.3kSimm

C=]

U.S.Patent N0.3692514, 1972

) Jesseman, R.J. et al.: HSLA Steels Techno. & Appli. ASME, 1983, p.655
6) 00MOMOMOMMD: 0000, (337), 34(1990)

7) Othen, P.J., Jenkins, M.L., Smith, G.D.W. : Phil. Mag. 70A, 1(1994)

8) 00 DIMNINOMOMOIMONmM:00000. (380), 33(2004)
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Charpy absorbed energy, vEy/J
Charpy absorbed cnergy, vE,/J

L 1 1 1 L ! L 1 1 1 1 1 1 1 1 i I 1 1 ., L L
7§ -5 13 ] FLWMFL + +3 -5 -% +8 +5 +3 +]1 FLWMEFL +1 +3 +3 +8
Diaphragm side Skin plate side Diaplragm side Skin plate side
Notch location Notch location
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Charpy impact properties of welded joints
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